















































17 年 5 月
 
 
         















































































The Master Dissertation of Science in Xiamen University 
 
 
Preparation and Characterization of Sinter-Resistant 
Supported MetalCatalystsfrom Metal Acetylacetonate 



















































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的





















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 
































摘要 .............................................................................................................................. i 
Abstract ................................................................................................................... iii 
 
第一章绪论 .............................................................................................................. 1 
1.1 研究背景 ............................................................................................................. 1 
1.2 纳米催化剂 ........................................................................................................ 1 
1.2.1 纳米催化剂类型.............................................................................................. 1 
1.2.1.1 金属纳米催化剂....................................................................................... 2 
1.2.1.2 金属氧化物纳米催化剂........................................................................... 3 
1.2.1.3 分子筛复合物纳米催化剂....................................................................... 3 
1.2.2 纳米催化剂制备................................................................................................ 3 
1.2.2.1 溶胶-凝胶法 ............................................................................................. 4 
1.2.2.2 沉淀法....................................................................................................... 4 
1.2.2.3 浸渍法....................................................................................................... 5 
1.2.2.4 微乳液法................................................................................................... 7 
1.2.2.5 液相化学还原法....................................................................................... 8 
1.2.3 纳米催化剂作用机制研究................................................................................ 8 
1.2.3.1 载体效应................................................................................................... 9 
1.2.3.2 助催化剂的作用....................................................................................... 9 
1.2.3.3 金属与载体的相互作用......................................................................... 12 
1.2.3.4 金属与助催化剂的相互作用................................................................. 13 
1.3 合成气的制备 ................................................................................................. 14 
1.3.1 甲烷部分氧化制合成气(POM) .................................................................... 16 
1.3.2 甲烷二氧化碳重整制合成气(DRM) ............................................................ 18 














参考文献 ................................................................................................................... 22 
 
第二章实验部分 .................................................................................................. 37 
2.1 主要实验试剂 ................................................................................................. 37 
2.2 催化剂的反应性能评价 .............................................................................. 38 
2.2.1  甲烷部分氧化性能评价实验...................................................................... 38 
2.2.2  甲烷二氧化碳重整性能评价实验.............................................................. 39 
2.3 催化剂的常规表征 ........................................................................................ 41 
2.3.1  N2 物理吸附 (BET)测试 ............................................................................ 41 
2.3.2  X-射线粉末衍射 (XRD)实验 .................................................................... 41 
2.3.3  程序升温还原 (H2-TPR) ............................................................................ 41 
2.3.4  热重分析 (TG-DTG) .................................................................................. 42 
2.3.5  红外光谱表征 (IR) ..................................................................................... 42 
2.3.6  X-射线光电子能谱 (XPS) ......................................................................... 43 
2.3.7  高分辨透射电镜(TEM) .............................................................................. 43 
2.3.8 激光拉曼(Raman)光谱表征.......................................................................... 43 
参考文献 ................................................................................................................... 45 
 
第三章高分散 Ni/SiO2的制备和表征及其甲烷部分氧化制合成气
性能 ........................................................................................................................... 45 
3.1 引言 .................................................................................................................... 47 
3.2 催化剂的制备和标注 ................................................................................... 48 
3.3 不同前驱体制备的 Ni/SiO2 催化剂的 POM 反应性能及物化表征
...................................................................................................................................... 49 
3.3.1 POM 反应性能评价 ....................................................................................... 49 















3.3.3 H2-TPR 表征 ................................................................................................... 52 
3.3.4 TEM 表征 ....................................................................................................... 52 
3.4 不同溶剂制备的 Ni/SiO2-acac 催化剂的 POM 反应性能及物化表
征 ................................................................................................................................. 53 
3.4.1POM 反应性能评价 ........................................................................................ 53 
3.4.2 XRD 表征 ....................................................................................................... 54 
3.4.3 TEM 表征 ....................................................................................................... 54 
3.4.4 Ni/SiO2-acac 催化剂的 POM 反应寿命测试 ................................................ 56 
3.5 不同焙烧温度的 Ni/SiO2-acac 催化剂的 POM 性能以及物化表征
...................................................................................................................................... 58 
3.5.1 POM 反应性能评价 ....................................................................................... 58 
3.5.2 H2-TPR 表征 ................................................................................................... 59 
3.5.3 TEM 表征 ....................................................................................................... 60 
3.5.4 XRD 表征 ....................................................................................................... 60 
3.6 Ni/SiO2-acac 催化剂的物化表征及制备机理研究 .............................. 62 
3.6.1 不同负载量的 Ni/SiO2-acac 催化剂的 POM 反应性能及物化表征 .......... 62 
3.6.1.1 BET 测试 ................................................................................................. 62 
3.6.1.2 POM 反应性能评价 ................................................................................ 62 
3.6.1.3 XRD 及 TPR 表征 ................................................................................... 63 
3.6.1.4 TEM 表征 ................................................................................................ 65 
3.6.2 Ni/SiO2-acac 催化剂的制备机理探究 .......................................................... 65 
3.6.2.1 乙酰丙酮镍与 SiO2 表面作用的原位 IR 光谱表征 ............................. 65 
3.6.2.2 催化剂分解过程的 TG-DTG 表征 ........................................................ 68 
3.7 本章小结 ........................................................................................................... 68 
参考文献 ................................................................................................................... 70 
 















4.1 引言 .................................................................................................................... 75 
4.2 催化剂的制备及标注 ................................................................................... 76 
4.2.1 以乙酰丙酮盐为前驱体制备 Rh-CeO2/SiO2 催化剂................................... 76 
4.2.2 以硝酸盐为前驱体制备 Rh-CeO2/SiO2 催化剂........................................... 77 
4.3 Rh/SiO2-acac 的物化表征 ........................................................................... 77 
4.3.1 XRD 表征 ....................................................................................................... 77 
4.3.2 TG-DTG 和 TPR 表征 ................................................................................... 78 
4.3.3 Raman 表征 .................................................................................................... 80 
4.3.4 TEM 表征 ....................................................................................................... 81 
4.4 CeO2的添加对 Rh/SiO2催化剂的稳定作用 ......................................... 86 
4.4.1 甲烷部分氧化（POM）和甲烷二氧化碳重整(DRM)制合成气反应性能评
价 .................................................................................................................. 86 
4.4.2 XRD 表征 ....................................................................................................... 90 
4.4.3 TG-DTG 表征 ................................................................................................. 93 
4.4.4 H2-TPR 表征 ................................................................................................... 95 
4.4.4.1 不同负载量的 x%CeO2/SiO2 和 x%Rh-y%CeO2/SiO2 催化剂的 H2-TPR
表征 ...................................................................................................... 95 
4.4.4.2 不同温度焙烧的样品的 H2-TPR 表征 .................................................. 97 
4.4.5 XPS 表征 ...................................................................................................... 101 
4.4.6  TEM 表征 .................................................................................................. 113 
4.5 以硝酸盐为前驱体制备的 Rh-CeO2/SiO2催化剂 ........................... 118 
4.5.1 XRD 表征 ..................................................................................................... 118 
4.5.2TG 表征 ......................................................................................................... 121 
4.5.3 H2-TPR 表征 ................................................................................................. 123 
4.5.4 TEM 表征 ..................................................................................................... 130 
4.6 本章小结 ......................................................................................................... 136 
















化制合成气性能 ................................................................................................... 143 
5.1 引言 .................................................................................................................. 143 
5.2 催化剂的制备及标注 ................................................................................. 144 
5.2.1 以乙酰丙酮盐为前驱体制备 Rh-Sm2O3/SiO2 ........................................... 144 
5.2.2 以硝酸盐为前驱体制备 Rh-Sm2O3/SiO2 ................................................... 144 
5.3 催化剂的物化表征 ...................................................................................... 144 
5.3.1 BET 测试和 TEM 表征................................................................................ 144 
5.3.2 IR 和 TG-DTG 表征 ..................................................................................... 146 
5.3.3 XRD 表征 ..................................................................................................... 149 
5.3.4 TPR 和 XPS 表征 ......................................................................................... 152 
5.3.5 POM 反应性能测试及 TEM 表征 .............................................................. 154 
5.4 结论 .................................................................................................................. 156 
参考文献 ................................................................................................................. 158 
 
发表的论文 .......................................................................................................... 161 




















































































Abstract ................................................................................................................... iii 
 
Chapter 1  Introduction .................................................................................. 1 
1.1  The background of the research ............................................................. 1 
1.2  Nanocatalysts ................................................................................................. 1 
1.2.1  The type of nanocatalysts ............................................................................... 1 
1.2.1.1  Metal nanocatalysts ................................................................................. 2 
1.2.1.2  Metal oxide nanocatalysts ....................................................................... 3 
1.2.1.3  Molecular sieve nanocatalysts ................................................................ 3 
1.2.2 Preparations of nanocatalysts .............................................................................. 3 
1.2.2.1 Sol-gel method ........................................................................................... 4 
1.2.2.2 Precipitation method .................................................................................. 4 
1.2.2.3 Impregnation method ................................................................................. 5 
1.2.2.4 Microemulsion method .............................................................................. 7 
1.2.2.5 Chemical reduction method ....................................................................... 8 
1.2.3 Interaction mechanisms of nanocatalysts ............................................................ 8 
1.2.3.1 Support effect ............................................................................................. 9 
1.2.3.2 Effect of promoters .................................................................................... 9 
1.2.3.3 Interaction between metal and support .................................................... 12 
1.2.3.4 Interaction between metal and promoters ................................................ 13 
1.3 The production of synthesis gas ................................................................ 14 
1.3.1 Partial oxidation of methane(POM) ................................................................ 16 
1.3.2 Methane reforming with carbon dioxide (DRM) ............................................ 18 
1.4 Idea and purpose of this thesis .................................................................. 19 















Chapter 2  Exprimental ................................................................................ 37 
2.1Reaction reagents ............................................................................................ 37 
2.2  Evaluation of catalytic performance and calculation method.... 38 
2.2.1  Partial oxidation of methane (POM) ............................................................ 38 
2.2.2  Methane reforming with carbon dioxide (DRM) ......................................... 39 
2.3 Catalysts characterization .......................................................................... 41 
2.3.1  N2 physical adsorption (BET) ...................................................................... 41 
2.3.2  X-ray diffraction (XRD) .............................................................................. 41 
2.3.3  H2 temperature programmed reduction (H2-TPR) ....................................... 41 
2.3.4  Thermogravimetric analysis (TG-DTG) ...................................................... 42 
2.3.5  In situ infrared spectroscopy (in situIR) ...................................................... 42 
2.3.6  X-ray photoelectron spectroscopy (XPS) .................................................... 43 
2.3.7  High resolution transmission electron microscopy (HR-TEM) ................... 43 
2.3.8 Raman spectroscopy analysis ......................................................................... 43 
References ................................................................................................................ 45 
 
Chapter 3  Preparation and characterization of highly dispersed 
Ni/SiO2catalysts andperformance for partial oxidation of methane to 
syngas ........................................................................................................................ 45 
3.1 Introduction ..................................................................................................... 47 
3.2 Preparation and anotations of catalysts ................................................. 48 
3.3 Characterization and POM performance of Ni/SiO2 catalysts 
prepared by different Ni precursors .............................................................. 49 
3.3.1 Performance of POM ...................................................................................... 49 
3.3.2 XRD characterization ...................................................................................... 50 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
